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ABSTRACT
During recent years the use of  isometric  con trac t ion  
exerc ises has spread w ide ly  in programs o f  physical a c t i v i t y .  
S c i e n t i f i c  evidence ind icated  tha t  th is  form o f  t r a in in g  was 
conducive to  gains in s t re n g th .  Very l i t t l e  data ,  however, 
have been reported on i t s  in f luence on o ther  fac to rs  which are  
considered important in physical performance. The purpose o f  
th is  in v e s t ig a t io n  was to  determine the e f f e c t s  o f  funct ional  
isometr ic  exerc ises on arm reac t ion  t ime, arm movement t ime,  
leg reac t ion  t ime, and leg movement t ime.  The movements tested  
were a s ix teen  inch l a t e r a l  abduct ive movement of  the arm and a 
fourteen inch forward extension of  the leg performed from a 
s i t t i n g  p o s i t io n .
Four groups o f  t h i r t y - f o u r  co l le g e  males served as subjects  
fo r  th is  in v e s t i g a t io n .  Group I served as a control group and was 
assigned no physical  a c t i v i t y .  Group I I  p a r t i c ip a t e d  in a func­
t ion a l  isometr ic  exe rc is e  program which consisted o f  one arm 
exe rc is e  and one leg exe rc ise  performed three days a week. Group 
I I I  took p a r t  in a s ix-week u n i t  of basic s o f t b a l l  fundamentals 
as p a r t  o f  the regu la r  program o f  physical educat ion .  Group IV 
was assigned both s o f t b a l l  a c t i v i t y  and the isometr ic  exe rc ises .  
A l l  subjects  were tested a t  the beginning and a t  the end o f  a 
s ix-week t r a in i n g  per iod .
v i i i
Tes t ing  equipment designed and made fo r  t h is  s tudy included  
the Hew le t t -Packard  E l e c t r o n i c  Counter which was s t a r t e d  and stopped! 
by a s e r ie s  o f  p h o t o - e l e c t r i c  c e l l s  w i th  f l a s h l i g h t s  as a l i g h t  
source.
Each s u b je c t  was g iven  th ree  t e s t  t r i a l s  in  each o f  the  fo u r  
measurements o f  r e a c t io n  and movement t imes s t u d ie d .  Each measure­
ment was recorded in ten- thousandths o f  a second. The s u b je c t ' s  
score f o r  each even t  was the  sum o f  the th re e  t r i a l  measurements.
The sub jec ts  who p a r t i c i p a t e d  in the iso m etr ic  e x e r c is e  program 
were a ls o  te s te d  f o r  arm and leg s t re n g th  f o r  m o t iv a t io n a l  purposes.
A two by two f a c t o r  a n a ly s is  o f  c o -v a r ia n c e  was used to  
ana lyze  the data g a th e re d .  This a n a ly s is  revea led  s i g n i f i c a n t  gains  
in arm r e a c t io n  t im e,  arm movement t im e ,  leg r e a c t io n  t im e ,  and leg  
movement t ime in favor  o f  the iso m et r ic  e x e r c is e  groups as opposed 
to  the no n - is o m e t r ic  groups.  The a d d i t i o n  o f  s o f t b a l l  to  the  
e x e r c is e  program caused a s lower f i n a l  mean score  in  arm r e a c t io n  
t im e .  These d i f f e r e n c e s  were s i g n i f i c a n t  a t  the .01 le v e l  o f  
c o n f id en c e .  The i n t e r a c t i o n  o f  s o f t b a l l  and is o m e t r ic  e x e r c is e  in  
the o th e r  th re e  v a r i a b l e s  d id  not  cause s i g n i f i c a n t  changes. No 
s i g n i f i c a n t  d i f f e r e n c e  was found in any o f  the fo u r  v a r i a b l e s  f o r  
the s o f t b a l l  groups versus the n o n - s o f t b a l l  groups.  S i g n i f i c a n t  
gains a t  the  .01 leve l  were found in both the arm and leg s t r e n g th  
s c o re s .
As a r e s u l t  o f  t h i s  a n a l y s i s ,  the f o l lo w in g  conclusions  
were j u s t i f i e d :
ix
1. Functional isometric contract ion exercises were
responsible f o r  highly s ig n i f i c a n t  improvements 
in reaction times and speed o f  movement times of  
the arm and leg.
2. The add it ion  o f  s o f tb a l l  a c t i v i t y  to the funct ional
isometric exercise program did not cause s ig n i f ic a n t  
gains in reaction t ime and movement t ime as opposed 
to the use o f  isometric exercise alone.
3.  S o f tb a l l  a c t i v i t y  alone did not resu l t  in any s ig n i f i c a n t
change in reaction and movement t ime as measured in 
th is  study.
x
CHAPTER I
INTRODUCTION
Physical  educators  and a t h l e t i c  coaches have conducted a
c o n s id e r a b le  amount o f  research on r e a c t i o n  t ime and movement
t im e .  Although much in fo rm a t io n  has r e s u l t e d ,  t h e r e  Is v e ry  l i t t l e
c o n c lu s iv e  data  p e r t a i n i n g  to  the e f f e c t s  o f  phys ica l  a c t i v i t y  on
these two f a c t o r s .
Neuromotor s p e c i f i c i t y  dominance led  Henryk to  surmise t h a t
th e re  was l i t t l e  or  no c o r r e l a t i o n  between s t a t i c  dynamometer
s t r e n g t h  and speed o f  movement, but t h a t  speed o f  movement cou ld
p o s s ib ly  be increased by s t re n g th e n in g  the muscles which caused the
2
movement. Research by Endres showed a d i v i s i o n  o f  p r i o r  o p in io n  on 
the r e l a t i o n s h i p  between s t r e n g t h  increases and improvements in  
movement speeds.  S t re n g th  increases in excess o f  a c e r t a i n  minimum 
amount were found by him to  c o n t r i b u t e  l i t t l e  or noth ing to  speed
o f  movement.
P r a c t i c e  and t r a i n i n g  were f o r m e r ly  considered  to  be the  o n ly
^ F r a n k l in  M. Henry, " F a c t o r i a l  S t r u c t u r e  o f  Speed and S t a t i c  
S tre n g th  in  a L a t e r a l  Arm Movement," Research Q u a r t e r l y , 3 1 :3  
( 1 9 5 9 ) ,  PP. kk0-k7.
2
John Paul Endres,  "The E f f e c t  o f  Weight  T r a i n i n g  E x e r c is e  upon 
the Speed o f  Muscular  Movement," M icrocarded  M a s t e r 's  T h e s is ,  U n i v e r s i t y  
o f  W iscons in ,  Madison, 1953. p .  1 .
3methods a v a i l a b l e  fo r  improving reac t ion  t ime.  In a review o f  the
Z j.
l i t e r a t u r e  concerning reac t ion  t ime, Glines found tha t  studies in 
both psychology and physical education were inconclusive and o f ten  
c o n t r a d ic to r y .  He expressed un c er ta in ty  as to the e f f e c t s  of  sports  
p a r t i c i p a t i o n  and physical a c t i v i t y  on reac t ion  t ime.
During recent  years isometr ic  exercises as a means o f  t r a in in g  
have gained increased and widespread use in physical educat ion and 
a t h l e t i c s .  With the increased use o f  th is  type o f  t r a in i n g ,  numerous 
research studies attempted to determine i t s  optimum use in programs 
o f  physical a c t i v i t y .  Most o f  these studies found th is  type o f  
t r a in in g  to be he lp fu l  in improving strength (see Chapter I I ) .  
Contemporary l i t e r a t u r e ,  however, contains very l i t t l e  information  
regarding the in f luence  o f  th is  type o f  t r a in in g  on other  fa c to rs ,  
such as reac t ion  t ime and movement t ime.
I .  PURPOSE OF THE STUDY
I t  was the purpose of th is  study to determine the e f fe c ts  of  
funct iona l  isometr ic  c o n trac t io n  exerc ises on the fo l low ing :
1. Reaction time o f  a se lec ted  movement o f  the arm.
3
Sidney C a lv in ,  "An Analysis  o f  the E f fe c ts  o f  Progressive  
Heavy Resistance Exerc ise  on the Motor Co-Ordination o f  a Group of  
High School Boys, Ages Fourteen to  E ig h t e e n , " Microcarded Doctor's  
D is s e r ta t io n ,  U n iv e rs i ty  o f  Maryland, College Park, 1958. p .  18.
k
Don G l ines ,  "Rela t ionsh ips  o f  React ion ,  Movement, and 
Completion Times to  C er ta in  Motor, S t rength ,  Anthropometric and 
M a tu r i t y  Measures," Microcarded Doctor 's  D is s e r ta t io n ,  U n iv e rs i ty  o f  
Oregon, Eugene, I9 6 0 ,  p.  3 .
32 .  Movement t ime o f  a s e le c te d  movement o f  the arm.
3 .  Reac t ion  t ime o f  a s e le c te d  movement o f  the  l e g .
4 .  Movement t ime o f  a s e le c te d  movement o f  the l e g .
I I .  SIGNIFICANCE OF THE STUDY
Physical  edu ca to rs ,  coaches, and o thers  engaged in  programs 
o f  physica l  a c t i v i t y  need s c i e n t i f i c  in fo rm a t io n  on methods f o r  
improving a l l  phases o f  physica l  performance .  Past  l i t e r a t u r e  produced  
c o n f l i c t i n g  opin ions as to  whether phys ica l  t r a i n i n g  improves r e a c t i o n  
t ime and movement t im e .  Evidence support ing  or  denying the hypothesis  
t h a t  is o m e t r ic  e x e rc is e s  would improve r e a c t i o n  t ime and movement 
t ime would add s i g n i f i c a n t  knowledge about  the v a lu e  o f  t h i s  type o f  
t r a i n i n g  on physica l  performance.
I I I .  LIMITATIONS OF THE STUDY
This  study was l i m i t e d  to  a t r a i n i n g  p e r io d  o f  s i x  weeks o f  
i s o m e t r ic  c o n t r a c t i o n  e x e r c is e s .  The s u b jec ts  were l i m i t e d  to  one 
ten second c o n t r a c t io n  performed th re e  days a week.
Except  f o r  an a t tem p t  to  m a in ta in  normal room temperature  
during t e s t in g  p e r io d s ,  i t  was considered t h a t  the temperature  o f  the  
muscles could  not be c o n t r o l l e d  in t h i s  s tudy;  t h i s  p o s s ib ly  cou ld  
have had some in f lu e n c e  on the speed o f  muscular  responses recorded In  
th is  s tu d y .
A f u r t h e r  l i m i t a t i o n  was t h a t  o n ly  one arm movement and one leg  
movement were used to  t e s t  the r e a c t i o n  and movement t imes o f  these  
1 Imbs.
IV .  BASIC ASSUMPTIONS
The subjects  were assumed to be e q u a l ly  mot ivated to  perform 
a t  t h e i r  best during a l l  t e s t in g  and e x e rc is e  sessions conducted in 
th is  study.
i t  was assumed th a t  the tes ts  used in th is  study were v a l i d  
measures o f  reac t io n  and movement t imes.
Whi le outs ide  a c t i v i t i e s  were recognized as being capable o f  
a f f e c t i n g  these f a c t o r s ,  the outs ide  a c t i v i t i e s  o f  the p a r t i c i p a t i n g  
subjec ts  were presumed to be l i m i t e d  and c o n t r o l l e d .
V. DEFINITION OF TERMS USED
React ion Time. The elapsed t ime between the presen ta t ion  of
5
a l i g h t  s t imulus and the i n i t i a t i o n  o f  the movement under study.
Movement Time. The in te rv a l  between the i n i t i a t i o n  o f  the 
c o n tra c t io n  and the complet ion o f  the movement.^
Arm Movement. A s ix te e n  inch l a t e r a l  abduct ive  movement of  
the arm.
Leg Movement. A four teen  inch forward extension o f  the leg 
performed from a s i t t i n g  p o s i t io n .
Isometr ic  C o n t r a c t io n . Development o f  tension w ithout  a
^M. Gladys S c o t t ,  Chairman. Research Methods Appl ied  to  
H e a l t h , Physical  Educat ion , and R e c re a t io n , American Assoc ia t ion  fo r  
H e a l th ,  Physical  Educat ion,  and R e crea t io n ,  (Washington, 19^9) ,  
p .  287.
shorten ing  o f  the muscle f i b e r . ^
Funct ional  Is o m e t r ic  C o n t r a c t i o n . An is o m e t r ic  c o n t r a c t io n  
w i t h  the muscle p o s i t io n e d  as i t  would be in an a c t i v i t y .
^Laurence E.  Morehouse and Augustus T .  M i l l e r ,  J r . ,  Physiology  
o f  E x e rc is e  ( S t .  Lou is:  The C. V. Mosby Co . ,  195 9 ) ,  p.  27 .
CHAPTER I I
REVIEW OF RELATED LITERATURE
The review o f  r e la te d  l i t e r a t u r e  which is presented in th is  
chapter  is given under three  main headings: (1) Studies Rela ted to 
Isometr ic  Strength  Gains, (2) Studies Re la ted  to  the E f f e c t s  o f  
Physical  A c t i v i t y  on React ion Time, and (3) Studies Re la ted  to the 
E f f e c t  o f  Physical  A c t i v i t y  on Movement Time.
I .  STUDIES RELATED TO ISOMETRIC STRENGTH GAINS
During recent  years more and more people in te re s te d  in physical  
development have i n s t i t u t e d  programs o f  isom etr ic  c o n t ra c t io n  exer ­
c ises  to  promote s t rength  among t h e i r  p u p i l s .  Research studies  
in d ica ted  t h a t  th is  type o f  t r a in i n g  was useful  f o r  th is  purpose.
R a r ick  and Larsen* d iv ided  t h i r t y  boys in to  one contro l  and 
two experimental  groups which were given four  weeks o f  isometr ic  
f l e x i o n  o f  the r i g h t  w r i s t .  The r e s u l t  ind ic a ted  t h a t  one s i x  second 
isom etr ic  e x e r c is e  performed d a i l y  a t  tw o - th i rd s  e f f o r t  was as 
b e n e f i c i a l  f o r  s t ren g th  development as were more f re q u e n t ly  repeated  
e xerc ises  done a t  h igher  l e v e ls  o f  ten s io n .
Lawrence Ra r ick  and Gene L .  Larsen,  "Observat ion on Frequency 
and I n t e n s i t y  o f  Isom etr ic  Muscular E f f o r t  in Developing Muscular  
S t r e n g t h , 11 Research Q u a r t e r l y , 29:3 (October, 1958) ,  pp. 333“^1 .
6
7One hundred and twenty c o l l e g e  males from S p r i n g f i e l d  College
exerc ised  two, th ree ,  fo u r ,  and f i v e  t imes a week in an e f f o r t  to
in v e s t ig a te  the e f f e c t s  o f  both isom etr ic  and is o to n ic  exerc ises on
s t reng th  development. The r e s u l ts  o f  th is  in v e s t ig a t io n  led
2
Mathews and Kruse to  surmise th a t  isom etr ic  exerc ises  caused a 
g r e a t e r  number o f  the subjects  to gain  s i g n i f i c a n t l y  in s t reng th  
than did the iso to n ic  e x e r c is e s .  They f u r t h e r  concluded t h a t  the  
f i v e  day a week program was the most b e n e f ic ia l  in terms o f  s t reng th  
ga in s .
3
Four tes ts  o f  s t reng th  were administered by Wolbersand S i l l s
to  two groups o f  high school students a t  the beginning and end o f
an e ig h t  week t r a in i n g  p e r io d .  The exper imental group performed
isometr ic  exerc ises  and made g r e a te r  gains in the tes ts  o f  the back
l i f t ,  leg l i f t ,  and combined hand g r i p  t e s t  than did  the contro l
group. From the r e s u l ts  of  the data gathered in t h is  p r o j e c t ,  the
authors concluded th a t  s t a t i c  muscular c o n t r a c t io n  fo r  a s i x  second
per iod would cause s i g n i f i c a n t  gains in s t r e n g th .
4
Barham compared the e f fe c t i v e n e s s  o f  d i f f e r e n t  f requencies
2
Donald K. Mathews and Robert Kruse, ' ‘E f f e c t s  o f  Isom etr ic  
and Iso to n ic  Exerc ises on Elbow F lexor  Muscle Groups, 11 Research  
Q ,uarte r ly , 28 :1 ,  (March, 1957) ,  pp. 26 -37 .
3
Charles P. Wolbers and Frank D. S i l l s ,  "Development o f  
Strength  in High School Boys by S t a t i c  Muscle C o n t r a c t io n s , 11 Research  
Q uarte r  1 y , 27 :4 ,  (December, 1956) ,  pp. 4 4 6 -5 5 .
4 Jerry  N. Barham, "A Comparison of the E f fe c t iv e n e s s  o f  Isom etr ic  
and iso to n ic  Exercises when Performed a t  D i f f e r e n t  Frequencies per  
Week," Docto r 's  D i s s e r t a t i o n ,  Lou is iana  S ta te  U n iv e r s i t y ,  Baton Rouge, 
I 9 6 0 ,  p .  56 .
o f  isometr ic  and iso ton ic  exerc ises  and found the fo l io w in g :
1 .  A s i g n i f i c a n t  improvement in muscular s t rength  can be
obtained through a program o f  isom etr ic  e x e rc is e s .
2 .  The a d d i t io n  of  iso ton ic  exe rc ise  to a maximum isometr ic
c o n t r a c t io n  does not a f f e c t  the gain  in s t rength  above 
the use o f  isometr ic  e xe rc is e  a lone .
3 .  There was no s i g n i f i c a n t  d i f f e r e n c e  in terms o f  gains
in s t rength  between exerc ises  performed f i v e  and 
three  days a week.
4 .  S trength gains in f i v e  and three  days a week programs
were s i g n i f i c a n t l y  g r e a te r  than those obtained by 
two day a week programs.
i
Two groups o f  ten sub jects  were u t i l i z e d  by Dennison and 
others'* to  determine the r e l a t i v e  s t rength  gains r e s u l t in g  from 
isom etr ic  and iso ton ic  t r a in i n g  programs. Both groups e x h ib i te d  
s i g n i f i c a n t  improvements in chinning and dipping a b i l i t y  which 
improved arm s t r e n g t h .  No s i g n i f i c a n t  d i f f e r e n c e  was found between 
the improvements in mean scores o f  the two groups.
Adamson^ conducted an e ight -w eek  in v e s t ig a t io n  to  study the  
r e l a t i v e  e f f e c t s  o f  both isometr ic  and iso ton ic  exerc ise  programs 
on s t rength  development. S i g n i f i c a n t  gains in s t rength  were reported  
in both programs, however there  was no s i g n i f i c a n t  d i f f e r e n c e  between 
the two methods o f  t r a in i n g  f o r  the development o f  muscular s t re n g th .
D. D. Dennison, e t  a l . ,  " E f f e c t  o f  Isometr ic  and Isoton ic  
Ex erc is e  Programs upon Muscular Endurance," Research Q u a r t e r l y ,
3 2 :3 ,  (October,  1961) ,  pp. 348 -52 .
G. T .  Adamson, ■'Effects o f  Isometr ic  and Isoton ic  Exercises  
on Elbow F lexor  and Spine Extensor Muscle Groups," Health and Fi tness  
in the Modern World , 1961. p.  172.
9I I .  STUDIES RELATED TO MOVEMENT TIME
In o r d e r  to  d e te rm in e  the  e f f e c t s  o f  w e ig h t  t r a i n i n g  upon 
speed o f  muscular  c o n t r a c t i o n ,  Zorbas and Karpov ich^  used an e x p e r i ­
mental group o f  men who had p a r t i c i p a t e d  in  w e ig h t  t r a i n i n g  programs  
and a c o n t r o l  group o f  men who had never  engaged in  w e ig h t  t r a i n i n g .  
E v idence  g a th e re d  in d ic a t e d  t h a t  the  e x p e r im e n ta l  group was f a s t e r  
in r o t a r y  motions o f  the  arm than was the c o n t r o l  g ro u p .
The h yp o th es is  t h a t  t r a i n i n g  w i t h  heavy e x e r c is e s  o f  the  
r e s i s t a n c e  type caused s low er  speed o f  movement was t e s t e d  by
g
W i l k i n .  He concluded t h a t  w e ig h t  t r a i n i n g  o v e r  a p e r i o d  o f  one 
semester  had no s lowing i n f l u e n c e  on speed o f  arm movement.  He 
f u r t h e r  concluded t h a t  a semester  o f  w e ig h t  t r a i n i n g  d id  no t  in c re a s e  
speed o f  movement more than a semester  o f  b eg inn ing  swimming o r  g o l f  
and t h a t  the  w e ig h t  l i f t e r ' s  speed o f  movement is  n o t  i m p a i r e d .  His  
speed was as g r e a t  as t h a t  o f  o t h e r  s tu d e n ts  s t u d i e d  and improved as 
much or  more d u r in g  a semester  o f  t r a i n i n g .
Two groups o f  freshmen e n r o l l e d  a t  P e n n s y lv a n ia  S t a t e  U n i v e r s i t y
Q
were i n v e s t i g a t e d  by Swegan t o  d e te rm in e  th e  e f f e c t  o f  s t a t i c
^ W i l l i a m  S .  Zorbas and P e t e r  V .  K a rp o v ic h ,  "The E f f e c t  o f  
W eight  L i f t i n g  upon the  Speed o f  M uscu la r  C o n t r a c t i o n , 11 Research  
Q u a r t e r l y , (May, 1 9 5 1 ) ,  pp .  1^5”A8 .
O
Bruce M. W i l k i n ,  "The E f f e c t  o f  W e ig h t  T r a i n i n g  on Speed o f  
Movement,"  Research Q u a r t e r l y , 2 3 :3 *  (O c tober ,  1 9 5 2 ) ,  pp .  3 6 1 - 6 9 .
9Donald B. Swegan, "The Comparison o f  S t a t i c  C o n t r a c t i o n  w i t h  
Standard  W eight  T r a i n i n g  in E f f e c t  on C e r t a i n  Movement Speeds and 
E n d u r a n c e ,"  M ic rocarded  E d .D .  D i s s e r t a t i o n ,  1957* P e n n s y lv a n ia  S t a t e  
U n i v e r s i t y ,  C o l l e g e  Pa rk ,  p .  139 .
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contract ion  and standard weight t r a in in g  procedures on c e r ta in  movement 
speeds and endurance. One group t ra ined  with  standard weight methods, 
while  the other used s t a t i c  contrac t ion  methods consis t ing o f  c o n t r a c t i l e  
p u l ls  for  s ix  seconds a t  tw o- th irds  maximum p u l l .  I t  was found th a t  the 
s t a t i c  con trac t ion  group was slowed down in each o f  the e ig h t  movements 
tes ted ,  w h i le  the weight group was slowed down in s ix  o f  the e igh t  
movements under study.
The influences of  weight t r a in in g  on speed o f  movement were 
studied by E n d r e s . ^  He discovered tha t  weight t ra in in g  exercises had 
no detr imenta l  e f f e c t  upon the speed o f  elbow f le x io n  and extension.
He ind icated th a t  increases in speed o f  movement due to weight t r a i n ­
ing were accompanied by marked increases in s t rength .
Freshman and v a r s i t y  fo o tb a l l  players were studied by 
Meadows^ to  in v e s t ig a te  the e f fe c ts  of  isotonic  and isometric  muscle 
contract ions on speed o f  the o f fe n s ive  foo tb a l l  charge, s t a t i c  st rength  
and dynamic s t ren g th .  Three groups were employed: (1) an isotonic  
group which engaged in a weight t r a in in g  program, (2) an isometric  
group which p a r t ic ip a te d  in a s t a t i c  pull  t ra in in g  program, and (3) a 
control  group which engaged in the regu lar  physical education program. 
Both isoton ic  and isometric  programs improved s i g n i f i c a n t l y  the speed 
of the o f fens ive  fo o tb a l l  charge. The resu l ts  supported the hypothesis
^ E nd re s ,  o£.  c? t . , p.  30.
^ P a u l  Eugene Meadows, ,rThe E f f e c t  of  Isotonic  and Isometric  
Muscle Contraction T ra in ing  on Speed, Force, and S t re n g th ,n Microcarded 
Ph.D. D is s e r ta t io n ,  1959*. U n iv e rs i ty  of  I l l i n o i s ,  Urbana, p.  95.
t h a t  the  development o f  s t r e n g t h  in  th e  i s o t o n i c  and i s o m e t r i c  program  
had b e n e f i c i a l  e f f e c t s  on th e  speed and f o r c e  o f  the  o f f e n s i v e  
f o o t b a l l  c h a rg e .
1 2C la r k e  and Henry measured s i x t y - t w o  c o l l e g e  men f o r  arm
s t r e n g t h ,  e f f e c t i v e  arm mass, and speed in  a l a t e r a l  a d d u c t lv e  arm
movement.  H a l f  o f  t h i s  group were g iv e n  w e ig h t  t r a i n i n g  e x e r c is e s
t h a t  d id  not  i n v o l v e  the  movement, w h i l e  the  o t h e r  h a l f  remained
i n a c t i v e  to  p r o v id e  a c o n t r o l  g ro u p .  The l e n g th  o f  the  t r a i n i n g  p e r i o d
f o r  both groups was ten weeks.  They concluded t h a t  c o n d i t i o n i n g
e x e r c is e s  o f  the  p r o g r e s s iv e  r e s i s t a n c e  t y p e ,  t h a t  do not  d i r e c t l y
i n v o lv e  a l a t e r a l  arm movement, caused inc rease d  s t r e n g t h  and speed
o f  movement.  I t  was f u r t h e r  concluded t h a t  the c o n d i t i o n i n g  e x e r c is e s
used in t h i s  ex p e r im e n t  had no i n f l u e n c e  on r e a c t i o n  t im e  a b i l i t y .
1 3Masley  and o th e r s  found t h a t  a s i x - w e e k  p e r i o d  o f  w e ig h t  
t r a i n i n g  in c rease d  speed and c o o r d i n a t i o n  more than a s i m i l a r  p e r i o d  
o f  v o l l e y b a l l  or  i n a c t i v i t y .  They concluded t h a t  inc rease d  s t r e n g t h  
ga ined  through t r a i n i n g  w i t h  w e ig h t  was a p p a r e n t l y  a s s o c i a t e d  w i t h  
i n c rease d  muscu lar  c o o r d i n a t i o n  and speed o f  movement.
Boys rang ing  in  age from f o u r t e e n  t o  e i g h t e e n  engaged in  a
1 2David  H. C l a r k e ,  and F r a n k l i n  M. Henry ,  "Neu ro -m otor  
S p e c i f i c i t y  and Inc rease d  Speed from S t r e n g t h  D e v e lo p m e n t ,"  Research  
Q u a r t e r l y , 3 2 : 3 ,  (O c tober ,  1 96 1)  , pp .  3 1 5 - 2 5 .
13
John W. Masley and o t h e r s ,  "W eight  T r a i n i n g  in  R e l a t i o n  t o  
S t r e n g t h ,  Speed, and C o o r d i n a t i o n , "  Research Q u a r t e r l y , 2 4 : 3 ,
(O ctober ,  1 9 5 3 ) ,  pp .  3 0 8 - 1 5 .
12
program o f progressive res is tance exercises fo r  a period o f  four months
in order to inves t iga te  the influence of  a weight program on motor
c o -o rd in a t io n ,  speed o f  movement, passing accuracy, and d e x t e r i t y .
}kAs a r e s u l t  o f  th is  study, Calvin concluded that  a four month program 
of  weight t ra in in g  s i g n i f i c a n t l y  increased the speed of  movement of  the 
subjects s tud ied .
111. STUDIES RELATED TO REACTION TIME
F o r t y - s ix  subjects were assigned by Burpee and S t r o l l ^  to groups 
according to a t h l e t i c  a b i l i t y  and a t h l e t i c  p a r t i c ip a t i o n  in an in v e s t i ­
gat ion  o f  the r e la t io n s h ip  among small muscle react ion  time', large  
muscle react ion  t ime, and successful p a r t i c ip a t i o n  in the YMCA a t h l e t i c  
programs. The authors reported a s i g n i f i c a n t  re la t io n s h ip  between 
small muscle react ion  time and successful p a r t i c ip a t i o n  in the a t h l e t i c  
program.
S e ven ty - f ive  co l lege  women engaged in se lected physical education
16a c t i v i t i e s  were measured by Beise and Perseley fo r  reaction time in
Sidney Ca lv in ,  "An Analysis  o f  the E f fe c ts  of  Progressive Heavy 
Resistance Exerc ise on the Motor Co-ord inat ion  o f  a Group of  High School 
Boys, Ages Fourteen to E ig h teen ,"  Microcarded Doctor's D is s e r ta t io n ,  
1958. U n iv e rs i ty  o f  Maryland: College Park. p.  96 .
15Royal H. Burpee and Wel l ington S t r o l l ,  "Measuring Reaction  
Time o f  A t h l e t i c s . "  Research Q u a r t e r l y , 7:1 (March, 1936),  pp. 110-18.
^ D o ro th y  Beise and V i r g i n i a  Perseley,  "Re la t ion  o f  Reaction  
Time, Speed and A g i l i t y  o f  Big Muscle Groups to Cer ta in  Sports S k i l l s , "  
Research Q u a r t e r l y , 8:1 (March, 1937),  pp. 133- 42 .
13
removing the f o o t  from a p l a t e ,  pushing down on a p l a t e  w i t h  the  hand,
and removing the  hand from the  p l a t e .  Th is  i n v e s t i g a t i o n  r e v e a le d
t h a t  t r a i n i n g  in  beg inn ing  g o l f ,  t e n n i s ,  and a rc h e ry  f o r  a p e r io d  o f
f o u r te e n  weeks d id  no t  cause s i g n i f i c a n t  changes in r e a c t i o n  t im e s .
Woodward^ compared the r e s u l t s  o f  a p r o g r e s s iv e  w e ig h t  program
and a r e q u i r e d  phy s ic a l  e d u ca t io n  program on s t r e n g t h ,  endurance,
r e a c t i o n  t im e ,  and b a la n c e .  H is  gen era l  f in d in g s  were t h a t  w e ig h t
t r a i n i n g  when added t o  a p h y s ic a l  ed u c a t io n  program s i g n i f i c a n t l y
a id e d  in the development  o f  s t r e n g t h ,  endurance,  r e a c t i o n  t im e ,  and
ba lance  o f  h igh  school boys.
The e f f e c t s  o f  a w e ig h t  t r a i n i n g  program on t o t a l  body r e a c t i o n
18t ime were s tu d ie d  over  a f o u r te e n  week p e r io d  by Anderson.  He
l
found t h a t  the w e ig h t  t r a i n i n g  group improved in a l l  r e a c t i o n  t ime  
t e s t s  s t u d i e d ,  a l th ough  these improvements were no t  s t a t i s t i c a l l y  
s ign i  f i c a n t .
The r e a c t i o n  t imes o f  359  a t h l e t e s  and 255 n o n - a t h l e t e s  from
1 9high school and c o l l e g e  were measured by K e l l e r .  He found t h a t  
f o o t b a l l ,  b a s k e t b a l l ,  t r a c k ,  and bas eba l l  p la y e r s  were f a s t e r  in  
r e a c t i o n  t ime than were the n o n - a t h l e t e s  measured in  the  s t u d y .
'^James Woodward, " P r o g r e s s iv e  W eight  T r a i n i n g  in  Phys ica l  
E d u c a t i o n , 11 Completed Research in  H e a l t h . Phys ica l  E d uca t io n  and 
R e c r e a t i o n , Research C o u n c i l ,  American A s s o c i a t io n  f o r  H e a l t h ,  P h ys ica l  
E d uca t io n  and R e c r e a t io n ,  V o l .  2 ,  I 9 6 0 ,  p .  5 7 .
18Rober t  W. Anderson, "The E f f e c t  o f  W e igh t  T r a i n i n g  on T o ta l  
Body R e a c t io n  T im e ,"  Unpubl ished M a s t e r 's  t h e s i s ,  U n i v e r s i t y  o f  I l l i n o i s ,  
Urbana,  1957 . 66 pp.
1 9Louis  F.  K e l l e r ,  'T h e  R e l a t i o n  o f  'Quickness o f  B o d i l y  Movement'  
to  Success in A t h l e t i c s , "  Research Q u a r t e r l y , 1 3 : 2 ,  (May, 1 9 ^ 2 ) ,  pp .  1 4 6 -5 6 .
I**
20Kurt undertook a study to  determine the consequences o f
w eight t r a in in g  on balance, response tim e, and hand-eye c o o rd in a t io n .
Tw enty -th ree  c o l le g e  men served as sub jec ts  and p a r t ic ip a te d  in a
program o f  weight t ra in in g  tw ice a week fo r  twelve weeks. The
conclusions were th a t  w eight t ra in in g  was b e n e f ic ia l  in improving
the scores on a l l  th ree  items under c o n s id e ra t io n .
21Youngen compared the reac t io n  time and movement time 
scores o f  fo r ty -s e v e n  worsen a th le te s  w ith  s im i la r  scores o f  seventy-  
f i v e  women n o n -a th le te s .  The a th le te s  were d iv id ed  in to  groups o f  
tenn is  p la y e rs ,  fencers , swimmers, and f i e l d  hockey p la y e rs .  The 
women a th le te s  were found to be s i g n i f i c a n t l y  f a s te r  than the non­
a th le te s  in speed o f  movement and re a c t io n  t im e .
Data from 108 undergraduate c o l le g e  men p a r t ic ip a t in g  in
s e le c te d  physical education a c t i v i t i e s  and a t h le t i c s  fo r  a per iod  o f
22severa l months were col 1ected by Genasci in an a ttem pt to determine  
the e f fe c ts  o f  these a c t i v i t i e s  on to ta l  body reac t io n  and movement 
t im es . The a n a ly s is  o f  va r ian ce  technique in d ica ted  a s ig n i f ic a n t
20Charles P. K u rt ,  "The E f f e c t  o f  Weight T ra in in g  on Hand 
Eye C o -o rd in a t io n ,  Balance, and Response T im e ,"  M icrocarded M aster 's  
Thes is , 1956. U n iv e rs ity  o f  Iowa: Iowa C i t y .  p. 26.
21
Lois Youngen, "A Comparison o f  Reaction  and Movement Times 
o f  Women A th le te s  and N o n -A th le te s ,"  Research Q u a r te r ly , 30 :3 ,
(October, 1959),  pp. 3 ^ 9 -55 .
22James E . Genasci, "A Study o f  the E f fe c ts  o f  P a r t ic ip a t io n  
in  Physical Education and A t h le t ic s  on Reaction and Movement T im e,"  
Completed Research in H e a lth , Physical Education and R e c re a t io n , V o l .  3, 
1961, p . 26.
t re n d  a t  th e  .01 le v e l  toward improved re a c t io n  and movement tim es
from the  f i r s t  to  the  l a s t  t e s t in g  p e r io d .
Three groups o f  c o l le g e  men, d e s ig n a te d  as a t h l e t e s ,  i n t e r -
23m e d ia te s ,  and n o n -a th le te s  were measured by O lsen f o r  s im p le ,  
c h o ic e ,  and d is c r im in a t o r y  r e a c t io n  t im e s .  The in v e s t ig a t io n  found  
the a t h l e t e s  to  have f a s t e r  r e a c t io n  tim es than the  n o n - a t h le t e s ,  
and in te rm e d ia te s  to  be f a s t e r  than n o n -a th le te s  in a l l  th r e e  te s ts  
o f  r e a c t io n  t im e .
IV .  SUMMARY OF RELATED STUDIES
There  was g en era l  agreem ent in  th e  l i t e r a t u r e  r e l a t i v e  to  the
24v a lu e  o f  is o m e tr ic  t r a in i n g  in  terms o f  s t r e n g th  g a in .  These
s tu d ie s  supported  the  h y p o th e s is  t h a t  s i g n i f i c a n t  g a in s  in s t r e n g th
r e s u l t e d  from t r a in i n g  w i th  is o m e tr ic  c o n t r a c t io n  e x e r c is e s .
C o n f l i c t i n g  o p in io n ,  however, was re p o r te d  on the e f f e c t s  o f
w e ig h t  t r a in i n g  and is o m e tr ic  e x e rc is e s  on speed o f  movement t im e .
25
Swegan in d ic a te d  t h a t  both is o to n ic  and is o m e tr ic  t r a in i n g  caused
s lo w e r  speeds o f  movement, w h i le  two s tu d ie s  found t h a t  w e ig h t  t r a i n -
26ing d id  not produce any d e t r im e n ta l  e f f e c t s  on speed o f  movement.
23
E in a r  A. O lsen , " R e la t io n s h ip  Between P s y c h o lo g ic a l  C a p a c i t ie s  
and Success in C o l le g e  A t h l e t i c s , "  R esearch Q u a r t e r l y , 2 7 : 1 ,  (March, 
1 9 5 6 ) ,  p p . 7 9 -8 9 .
24S u p ra , Barham, R a r ic k  and L a rs e n ,  Mathews and K ruse,
W olbers and S i l l s ,  and Dennison e t  a l .
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S u p ra , Swegan.
26S u p ra , W i lk in s ,  Zorbas and K a rp o v ic h .
Five studies on the in fluence o f weight t ra in in g  on speed o f  movement 
found th a t  type o f t ra in in g  did cause improved speed o f  movement-
27tim es .
The resu lts  o f  a number of s tud ies , reviewed in the l i t e r a t u r e ,
ind icated th a t  p a r t ic ip a t io n  in a th le t ic s  and selected physical
28 2 9a c t i v i t i e s  or weight t ra in in g  resu lted  in improvements in
reac tio n  tim e. Only one study f a i le d  to f in d  any change in speed
of reac tion  time as a re s u l t  of c e r ta in  women's physical education  
30a c t i v i t i e s .
27Supra, C a lv in ,  Meadows, Clarke and Henry, Masley, Endres.
23Supra, Burpee and S t r o l l ,  K e l le r ,  Youngen, Genasci, and
Olsen.
29Supra, C a lv in , Woodward, Anderson, and K urt.
^ S u p ra , Beise and Perseley.
CHAPTER I I I
PROCEDURES OF THE STUDY
The p a r a l l e l  group tec h n iq u e  was used f o r  d e te rm in in g  th e  
e f f e c t s  o f  is o m e tr ic  c o n t r a c t io n  e x e r c is e  on th e  re a c t io n  and 
movement tim es measured in t h i s  s tu d y .  A l l  s u b je c ts  w ere admin­
is te r e d  t e s t s  o f  arm r e a c t io n  t im e ,  arm movement t im e ,  leg  
r e a c t io n  t im e ,  and leg  movement t im e  a t  th e  b eg in n in g  o f  th e  
e x p e r im e n t .  The s u b je c ts  in t h i s  study w ere p laced  in fo u r  groups 
as f o l lo w s :  one group perform ed is o m e tr ic  e x e rc is e s  o n ly ;  one  
group was engaged in an a c t i v i t y ,  s o f t b a l l ,  in a d d i t io n  to  p e r ­
form ing  is o m e tr ic  e x e r c is e s ;  a t h i r d  group engaged in s o f t b a l l  
o n ly ;  and th e  fo u r th  group served as a c o n tr o l  group. A t th e  end
t
o f  th e  s ix -w e e k  t r a i n i n g  p e r io d ,  a l l  s u b je c ts  w ere r e te s te d  in  
o rd e r  to  d e te rm in e  th e  e f f e c t s  o f  th e  is o m e tr ic  program on th e s e  
v a r i a b l e s .
I .  SUBJECTS
One hundred t h i r t y - s i x  c o l le g e  men d iv id e d  in to  fo u r  groups  
served as s u b je c ts  f o r  t h i s  s tu d y .^  A l l  s u b je c ts  w ere s tu d en ts  a t  
Lo u is ian a  P o ly te c h n ic  I n s t i t u t e  a t  Ruston, L o u is ia n a ,  and ranged in
*At th e  co n c lu s io n  o f  th e  s tu d y ,  Group I had th e  le a s t  number 
o f  s u b je c ts — t h i r t y - f o u r .  I t  was necessary  to  have equal numbers in  
a l l  groups in o rd e r  to  f a c i l i t a t e  th e  t re a tm e n t  o f  th e  d a ta  by th e  
IBM Computer. T h e r e fo r e ,  te n  s u b je c ts  w ere  e l im in a t e d ,  a t  random, 
from th e  o th e r  t h r e e  groups.
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age from eighteen  to  tw e n ty -fo u r  yea rs . The sub jects were students who 
had been p rev io u s ly  assigned to re g u la r ly  scheduled classes in the 
Department o f  H ea lth , Physical Education, and Recreation and the 
Department o f E n g lis h . Because v a r s i ty  a th le te s  and those a lready  
p a r t ic ip a t in g  in o ther  forms o f  organized physical t ra in in g  programs 
were considered to  be more h ig h ly  t ra in e d  than were the n o n -a th le te s ,  
they were excluded from th is  p r o je c t .  The sub jects  were assigned to  
the fo llo w in g  groups:
Group I . The sub jects in Group 1 served as a control group 
and were not assigned any form o f  physical a c t i v i t y .  These students  
were e n ro l le d  in n o n -a c t iv i ty  classes and were requested not to engage 
in  any physical t ra in in g  program during the time o f  the study.
Group 11. The subjects assigned to  th is  group were e n ro l le d  
in le c tu re  courses in English  and Physical Education and p a r t ic ip a te d  
in the isom etric  e xe rc is e  program which consisted o f  one arm and one 
leg e x e rc is e .  During the s ix-week course o f th is  study, these subjects  
were requested not to  engage in any o ther form of physical t ra in in g  
oth er  than the isom etric  exerc ises  prescribed  to them. The two 
exerc ises  are  described on page 25 .
Group l i l . The a c t i v i t y  in which the sub jects in Group 111 
were engaged consis ted  o f  a s ix  week u n i t  o f  basic  fundamentals o f  
s o f tb a l l  and included h i t t i n g ,  f i e l d i n g ,  throwing, b a t t in g ,  and 
running. A l l  sub jec ts  were students e n ro l le d  in the reg u la r  a c t i v i t y  
courses o f  physical edu cation . They were requ ired  to  meet c lass f i f t y  
minutes a day, th ree  times a week.
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Group IV . In Group IV were s tuden ts  a ls o  e n r o l le d  in the re q u ire d  
a c t i v i t y  c lasses  in  phys ica l e d u c a t io n .  Th is  group perform ed th e  same, 
is o m e tr ic  e x e rc is e  program as d id  Group I I ,  but in  a d d i t io n  the  
su b jec ts  took p a r t  in the same s ix  week u n i t  o f  s o f t b a l l  as Group I I I  
as p a r t  o f  the r e g u la r  program o f  phys ica l e d u c a t io n .
I I .  TESTING EQ.UIPMENT
S p ec ia l apparatus designed and co n s tru c ted  by A s s o c ia te  P ro fess o r  
Franc is  Roy o f  the E l e c t r i c a l  E n g ineering  f a c u l t y  o f  L o u is ian a  P o ly te c h ­
n ic  I n s t i t u t e  a t  Ruston, L o u is ia n a ,  was used to  measure the re a c t io n  
and movement times s tu d ie d .  Components o f  th is  equipment a re  des­
c r ib e d  below.
T im e r . A H e w le tt -P a c k a rd  E le c t r o n ic  C ounter, Model 52.2, was 
u t i l i z e d  fo r  record ing  scores on the te s ts  o f  r e a c t io n  and movement 
t  i mes.
S t a r t e r . A s i l e n t  pushbutton s t a r t e r  was used to  f la s h  the  
s ig n a l l i g h t  and s im u ltan eo u s ly  s t a r t  the  t im e r  in  the re a c t io n  phases 
o f  the arm and leg  t e s t s .  The s t a r t e r  was not v i s i b l e  to  the  s u b jec ts  
during  the a d m in is t r a t io n  o f  the t e s t s .
L ig h t  S t im u lu s . As the  s t im u lus  f o r  arm and leg re a c t io n  t e s t s ,  
a red s ig n a l l i g h t  f la s h e d  by the pushbutton s t a r t e r  was employed. The 
s tim u lu s  was presented  a t  d i f f e r e n t  t im e in te r v a ls  in o rd e r  to  p reve n t  
the te s te e s  from a n t ic ip a t in g  the  s i g n a l .  The in t e r v a ls  ranged from  
one to f i v e  seconds.
R otary  S e le c t o r . A fo u r  p la c e  s e le c t o r  was used to  change the
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w ir in g  mechanism fo r  each o f  the four te s ts  used. The four positions  
were: (1 ) arm re a c tio n ,  (2 )  arm movement, (3) leg re a c t io n ,  and (4) 
leg movement,
Ann Testing Apparatus. The arm te s t in g  apparatus consisted  
o f  two p h o to -e le c t r ic  c e l ls  wired to s t a r t  and stop the e le c t ro n ic  
t im ing  dev ice . The c e l ls  were mounted on wooden standards and placed 
s ix teen  inches a p a r t .  L ight sources fo r  the c e l ls  were furnished by 
f la s h l ig h ts  positioned below the c e l l s .  The f la s h l ig h ts  were placed 
eighteen inches apart to  a llow  fo r  ind iv idu a l d iffe ren ces  in the  
heights o f  the sub jec ts .
A movable metal bar was placed behind the i n i t i a l  p h o to -e le c t r ic  
c e l l  to  insure a standard s ta r t in g  pos it ion  on the arm te s ts .
The te s t in g  apparatus and s ta r t in g  p o s it io n  fo r  the arm tes ts
are shown in F igure  1.
Leg Testing  Apparatus.  For the tes ts  o f  leg reaction  time and 
leg movement t im e, s im i la r  apparatus to th a t  used in the arm tes ts  
was constructed. The p h o to -e le c t r ic  c e l ls  were placed fourteen inches 
apart and mounted on wooden standards. The f i r s t  c e l l  was mounted 
four inches above the f lo o r  and the f in a l  c e l l  was mounted e igh t  
inches above the f lo o r .  F la s h lig h ts  were used as l ig h t  sources.
The subjects were seated on a wooden bench which could be 
adjusted to tne  des ired  d istance behind the i n i t i a l  p h o to -e le c t r ic  
c e l l ,  to  insure the same s ta r t in g  pos it ion  fo r  a l l  sub jec ts .
The apparatus used fo r  the leg te s ts  is shown in Figure 2,
page 22.
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F ig u r e  i .  T e s t in g  a p p a ra tu s  and s t a r t i n g  p o s i t i o n  o f  s u b je c t s  
f o r  t e s t s  o f  arm r e a c t io n  and movement t im e s .
Figure 2 . Testing apparatus and s ta r t in g  p o s it io n  o f  subjects  
fo r  tes ts  o f  leg reac tion  and movement times.
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I l f .  TESTING PROCEDURE
Ann R eaction  Time T e s t .  For t h is  measurement th e  s u b je c t  
was requested  to assume a s tan d in g  p o s i t io n  w i th  th e  m id l in e  o f  
h is  body a l ig n e d  w i t h  the m eta l b a r  o f  th e  t e s t in g  a p p a ra tu s .  WitK  
th e  body as c lo s e  to  th e  bar as p o s s ib le ,  he was in s t ru c te d  to  p la c e  
h is  r ig h t  hand in th e  l i g h t  beam w ith  th e  thumb a g a in s t  th e  bar a t  
th e  h e ig h t  o f  h is  sternum . The r ig h t  hand and fo rearm  were  
s t r a i g h t  and h e ld  p a r a l l e l  to  th e  f l o o r .  Upon p e rc e p t io n  o f  th e  
l i g h t  s t im u lu s ,  th e  s u b je c t  moved th e  arm in a l a t e r a l  a b d u c t iv e  
movement toward th e  second l i g h t  beam.
The t im in g  d e v ic e  was s ta r te d  by th e  t e s t e r  g iv in g  th e  l i g h t  
s t im u lu s ,  and was stopped when th e  s u b je c t 's  r ig h t  hand moved o u t  o f  
th e  f i r s t  l i g h t  beam. See F ig u re  1, page 21 , f o r  s t a r t i n g  p o s i t io n  
f o r  arm r e a c t io n  and movement t e s t s .
Arm Movement Time T e s t .  For t h is  t e s t ,  th e  s u b je c t  assumed 
th e  same p o s tu re  as f o r  th e  t e s t  o f  arm r e a c t io n  t im e .  The m eta l  
b a r ,  however, was moved back so t h a t  th e  r ig h t  hand was behind th e  
f i r s t  l i g h t  sou rce . No l i g h t  s t im u lu s  was g iven  in th e  movement 
t im e  t e s t ;  th e  s u b je c t  was in s t ru c te d  to  exe cu te  th e  arm movement 
when he was ready .
The t im e r  s t a r te d  when the  s u b je c t 's  r i g h t  hand e n te re d  the  
f i r s t  l i g h t  beam and stopped when h i^  hand co n ta c te d  th e  second l i g h t  
sou rce . (See F ig u re  1 f o r  s t a r t i n g  p o s it io n  f o r  arm r e a c t io n  and 
movement t im e  t e s t s . )
2b
Leg Reaction Time T e s t . Tne su b jec t  was in s tru c te d  to  assume 
a s i t t i n g  p o s it io n  on the  bench w ith  tne  r ig n t  leg placed p erp en d icu la r  
to  the  f lo o r  and a t  a 90°  ang le  w itn  th e  tn ig h .  His nands were placed  
to  the  sides o f  the  bencn and th e  l e f t  leg was placed on tne  f lo o r  to  
th e  l e f t  o f  the  bench. The s u b je c t 's  r ig h t  leg  was placed in the  
l i g n t  beam w itn  th e  heel ag a in s t  th e  f r o n t  edge o f  the  bencn. When 
th e  l ig h t  s t im u lus  was p resented , the  su b jec t  performed a forward  
extens ion  o f  the  le g ,  as in a k ic k in g  m otion.
The t im e r  s ta r te d  when the  l ig h t  stim ulus was presented and 
was stopped when the  s u b je c t 's  r ig h t  leg was removed from the beam o f  
th e  l i g h t .
Leg Movement Time T e s t .  The same k ic k in g  movement stud ied  in 
measuring leg re a c t io n  tim e was performed in the  leg movement tim e  
t e s t .  In t h is  phase o f  the  t e s t in g ,  however, the  bench was moved 
back so t h a t  th e  s u b je c t 's  r ig h t  leg was two inches behind the l ig h t  
beam. No l ig h t  stim ulus was given in th is  t e s t ;  the sub jec t was 
asked to  perform the  movement when he was ready.
Tim ing f o r  th e  movement phase o f  th e  te s t in g  s ta r te d  when the  
s u b je c t 's  r ig h t  leg entered th e  f i r s t  l i g h t  beam and stopped when h is  
leg entered  th e  second l i g h t  beam. (See F igure  2 ,  page 22, fo r  leg  
re a c t io n  and movement t im e  t e s t  p o s i t io n . )
Scoring o f  th e  T e s ts .  For each o f  the  fo u r  even ts , th e  
su b je c t  was given one p r a c t ic e  t r i a l  and th re e  t e s t  t r i a l s .  The sum 
o f  th e  measurements taken on the  th re e  t e s t  t r i a l s  became the  score
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fo r  th a t  p a r t i c u la r  e v e n t .  Measurements were recorded in ten  
thousandths o f  a second.
IV .  ISOMETRIC EXERCISE PROGRAM
Two fu n c t io n a l  is o m e tr ic  e x e rc is e s  were performed by Groups 
I I  and IV in th is  s tu d y . The s u b je c ts  in these groups perform ed one 
leg and one arm e x e rc is e  fo r  ten seconds d u ra t io n  a t  maximum e f f o r t .
The e x e rc is e s  were done th re e  days a week fo r  a p e r io d  o f  s i x  weeks. 
Nylon b e l ts  w ith  a d ju s ta b le  lengths were used as re s is ta n c e  fo r  the  
is o m e tr ic  e x e r c is e s .
Iso m etric  Arm E x e r c is e . From the s t a r t in g  p o s i t io n  described  
in  the arm re a c t io n  t e s t ,  the  r ig h t  arm was moved in  a l a t e r a l  
ab d u c t ive  p o s i t io n  e ig h t  inches from the c h e s t .  A nylon b e l t  was 
then p laced th re e  inches above the w r i s t  and wrapped around the chest  
o f  the s u b je c t .  The s u b je c t  e x e r te d  maximum e f f o r t  a g a in s t  the b e l t .  
(See F ig u re  3 f o r  is o m e tr ic  arm e x e rc is e  p o s i t io n . )
Iso m etric  Leg E x e r c is e . From a s i t t i n g  p o s i t io n  w ith  the  
r ig h t  leg a t  a 30° ang le  to  the th ig h ,  the r ig h t  leg was extended so 
th a t  the fo o t  was ap p ro x im ate ly  e ig h t  inches from the  s t a r t i n g  p o s i t io n  
described  in the leg  re a c t io n  t e s t .  The nylon b e l t  was p laced  th re e  
inches above the ank le  and anchored behind the e x e rc is e  bench. The 
s u b je c t  then e x e r te d  a maximum is o m e tr ic  c o n tra c t io n  leg  ex ten s io n
Raw scores fo r  the i n i t i a l  and f in a l  te s ts  o f  re a c t io n  and 
movement times a re  shown in Appendix A .
Figure 3 .  Exercise p o s it io n  fo r  functional isom etric  
co n trac t io n  o f  the la te r a l  abductive arm movement.
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a g a in s t  th e  b e l t  f o r  a p e r io d  o f  te n  seconds. (See F ig u r e  k  f o r  
th e  is o m e t r ic  leg  e x e r c is e  p o s i t i o n . )
V .  STRENGTH TESTING PROCEDURE
I t  was n o t  th e  puspose o f  t h i s  s tudy  to  compare th e  d i f f e r e n t  
groups f o r  g a ins  in s t r e n g t h .  However, i t  was f e l t  t h a t  s t r e n g t h  
t e s t in g  was necessary  f o r  th o se  s u b je c ts  p e r fo rm in g  is o m e t r ic  
e x e rc is e s  in o r d e r  to  d e te rm in e  w h e th er  th ey  w ere  do ing  th e  e x e r c is e s  
c o r r e c t l y .  T h e r e fo r e ,  o n ly  th o se  s u b je c ts  in Groups I I  and IV  w ere
i
te s te d  f o r  s t r e n g th  g a in s .
An im provised  s p r in g  s c a le  was a t ta c h e d  to  th e  ny lon  e x e r c is e  
b e l t  and used to  t e s t  both leg  and arm s t re n g th s  o f  th e  s u b je c ts .
The s c a le  was made by com bining t h r e e  t w e n t y - f i v e  pound s p r in g  s c a le s .
For c o n ven ien ce , o n ly  one s c a le  was read in  d e te rm in in g  th e  s t r e n g th
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sc o re  o f  th e  s u b je c t .  T h e r e f o r e ,  th e  s t r e n g t h  scores  th ro u g h o u t th e  
study w i l l  be r e f e r r e d  to  as m e re ly  u n i t s  o f  p u l l  and no t in  pounds 
o r  any o t h e r  s tan d a rd  m easures. The s c a le  used to  t e s t  arm and leg  
s t r e n g th  is  shown in F ig u r e  5 ,  page 2 9 . )
Arm S tre n g th  T e s t .  Arm s t r e n g th  o f  th e  s u b je c ts  was measured  
in  th e  same p o s i t io n  t h a t  was used f o r  th e  is o m e t r ic  e x e r c is e .  A 
s p r in g  s c a le  was a t ta c h e d  to  th e  e x e r c is e  b e l t  and th e  s u b je c t  was 
in s t r u c te d  to  e x e r t  maximum e f f o r t  d u r in g  th e  t e s t .  The amount o f  p u l l
3
I n i t i a l  and f i n a l  s t r e n g t h  scores a r e  shown in  Appendix  B.
F ig u re  k .  E x e rc is e  p o s i t io n  f o r  fu n c t io n a l  
c o n tr a c t io n s  o f  fo rw ard  leg  e x te n s io n .
i sometr ic
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Figure 5 .  Improvised spring s ca le  used to  measure arm and leg  
s tre n g th .
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reg is te red  aga ins t the sca le  was recorded as the s u b je c t 's  s trength  
score.
Leg Strength T e s t . The leg strength  te s t  was administered  
w ith  the leg in the same p o s it io n  used in the isom etric  leg e xe rc is e .  
The sub ject exerted maximum force in the leg extension movement. The 
highest reading on the sca le  was then recorded as his leg strength  
score.
V I .  STATISTICAL DESIGN
A two by two fa c t o r ia l  design was used fo r  analyzing the 
re s u lts  o f  the various treatments on reac tion  and movement times. The 
two fac to rs  o f  isom etric  exerc ise  and s o f tb a l l  were trea ted  a t  two 
l e v e ls — a c t i v i t y  and n o n -a c t iv i ty .  The design was as fo llow s:
Isom etric  Exerc ise vs . No Isom etric Exercise
S o f tb a l1 
v s .
No S o f tb a l1
Figure 6 .  S t a t is t i c a l  design fo r  ana lys is  o f co-variance fo r  
tes ts  o f reaction  and movement times.
V I I .  TREATMENT OF DATA
The Data Processing Center a t  Louisiana S ta te  U n iv e rs ity ,
Baton Rouge, Louisiana, was u t i l i z e d  in the s t a t i s t i c a l  ana lys is  of  
the data gathered in th is  study. The i n i t i a l  and f in a l  scores on the
Group IV Group I I I
( Iso m etr ic  and (Softbal 1
S o f tb a l1)
Group I I Group 1
(Iso m etr ic (C ontro l)
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t e s ts  o f  arm r e a c t io n  t im e ,  arm movement t im e ,  leg  r e a c t io n  t im e ,  and 
leg  movement t im e were programmed on IBM cards which were then  
a n a ly ze d  by the IBM 1620 Computer. A two-way a n a ly s is  o f  c o -v a r ia n c e  
was computed in  o rd e r  to  de te rm in e  th e  e f f e c t s  o f  the  a c t i v i t i e s  on 
the r e a c t io n  and speed o f  movement tim es in v e s t ig a te d  in  the  S tu d y .
A n a ly s is  o f  S t re n g th  D a ta . I n i t i a l  and f i n a l  s t r e n g th  scores  
were an a lyze d  by a comparison o f  means d es c r ib e d  by G a r r e t t .  Means, 
s ta n d a rd  d e v ia t io n s ,  s ta n d a rd  e r r o r s  o f  the  means, d i f f e r e n c e s  in  
means, and _t r a t io s  were computed fo r  the groups us ing  is o m e tr ic  
e x e rc is e s  to  de te rm in e  w hether any s i g n i f i c a n t  g a in s  in  s t re n g th  
occurred  d u ring  the  s i x  week is o m e tr ic  t r a in i n g  program .
Henry E .  G a r r e t t ,  S t a t i s t i c s  in  Psychology and E d u c a t io n . 
(New York : Longmans, Green and C o . ) ,  1959. pp . 2 1 2 -1 7 .
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CHAPTER IV
PRESENTATION AND ANALYSIS OF DATA
The data fo r  each o f the tests o f arm reaction time, arm movement 
time, leg reaction time, and leg movement time obtained in th is  study 
were analyzed in three categories representing the three degrees of  
freedom a v a ila b le  fo r  d ifferences among the four groups studied. In 
category "A" were those subjects (Groups I I  and IV) who took part  
in the isometric exercise program compared with those subjects  
(Groups I and I I I )  who did not perform the exercises. In category 
"B" were those subjects who p a rt ic ip a te d  in the u n it  of so ftb a ll  
a c t iv i t y  (Groups I I I  and IV) compared with those who did not play 
s o f t b a l l .  The remaining degree of freedom is associated with any 
v a r ia t io n  among the four groups not accounted for by "A" and ’'B" and 
represents a f a i lu r e  of the e f fe c ts  o f  these two to be a d d it iv e .  This 
e f fe c t  is the in te rac tio n  between "A" and "B".
In order to determine whether the groups d if fe re d  in the f in a l  
tes ts ,  as a re s u lt  o f  the d i f fe r e n t  t ra in in g  programs, analysis of 
co-variance was employed to a llow  fo r  the c o rre la t io n  between in i t i a l  
and f in a l  scores. By th is  method, the f in a l  scores were autom atically  
corrected for any d ifferences that may have existed in the i n i t i a l  
scores in the tests o f  arm reaction time, arm movement time, leg 
reaction time, and leg movement time. The results  of the analysis  
fo r  the four tests o f reaction and movement times are presented in
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T a b le  I .  "A" re p re s e n ts  the  e f f e c t s  o f  is o m e t r ic  e x e r c is e s  on the  
v a r ia b le s  s tu d ie d ;  "B" is  the  e f f e c t s  o f  s o f t b a l l  a c t i v i t y  on each  
v a r i a b l e ;  and "AxB" is  a s s o c ia te d  w i t h  th e  i n t e r a c t i o n  o f  th e  two 
c a te g o r ie s  on the  measurements under s tu d y .
In  Appendices G, H, I ,  and J , th e  i n i t i a l  and f i n a l  means o f
arm and leg  r e a c t io n  t im es  and speed o f  movement tim es a r e  p r e s e n te d .
I .  ANALYSIS OF ARM REACTION TIME DATA
From T a b le  I ,  the  com parison o f  is o m e t r ic  e x e r c is e  groups w i t h  
the  n o n - is o m e t r ic  groups (c a te g o ry  A) re v e a le d  an “ F11 r a t i o  o f  4 0 .8 6  
in  fa v o r  o f  the  is o m e t r ic  e x e r c is e  s u b je c t s .  For the degrees o f  
freedom shown, an "F "  r a t i o  o f  3 .9 2  and 6 . 8 4  was needed f o r  s i g n i f i ­
cance a t  th e  .05  and .01 le v e ls  o f  c o n f id e n c e ,  r e s p e c t i v e l y . *  The  
"F "  r a t i o  o f  4 0 .8 6  was t h e r e f o r e  c l e a r l y  s i g n i f i c a n t  a t  th e  .01 
le v e l  o f  c o n f id e n c e  and in d ic a te d  t h a t  fu n c t io n a l  i s o m e t r ic  e x e r c is e s  
improved arm r e a c t io n  t im e .
The nF" r a t i o  o f  .7 4  f o r  "B" was n o t  found to  be s i g n i f i c a n t
and in d ic a te d  t h a t  s o f t b a l l  a c t i v i t y  had no s i g n i f i c a n t  e f f e c t  on arm
r e a c t io n  t im e w i t h i n  the  l i m i t s  o f  t h is  s tu d y .
An "F "  r a t i o  o f  1 9 .6 4  f o r  th e  i n t e r a c t i o n  AxB was a ls o  found  
to  be s i g n i f i c a n t  a t  th e  .01 le v e l  o f  c o n f id e n c e .  The mean changes  
in  mean scores  shown in  Appendices G, H, I ,  and J re v e a le d  a 
s i g n i f i c a n t  d i f f e r e n c e  between th e  is o m e t r ic  e x e r c is e  group and th e
* I b i d . ,  p .  4 5 4 .
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TABLE I
ANALYSIS OF CO-VARIANCE FOR TESTS OF REACTION 
AND MOVEMENT TIMES
Test
Source o f  
V a r ia t io n df
Mean
Squares F r a t io
Arm
Reaction Total 131
A 1 5 ,8 5 9 ,1 5 7 4 0 .8 6 * *
B 1 106,530 .74
AxB 1 2 ,816 ,563 1 9 .6 4 * *
E rro r 128 1*13,369 —
Arm
Movement Total 131
A 1 451 ,010 1 0 .7 5 * *
B 1 106 .003
AxB 1 9,666 .23
E rro r 128 41,946
Leg
Reaction Total 131
A 1 4 ,5 3 3 ,4 3 0 1 9 .1 7 * *
B 1 62,375 .26
AxB I 75 , 968 .32
E rro r 128 236,388
Leg
Movement Total 131
A 1 866,653 2 4 .8 0 * *
B 1 92,882 2 .66
AxB 1 21,1 90 .61
E rro r 128 34 , 938
* * ln d ic a te s  s ig n if ic a n c e  a t  the .0! leve l o f  confidence.
A Isom etric  groups compared w ith  the non-isom etric  groups 
B S o f tb a l l  groups compared w ith  the n o n -s o ftb a l l  groups 
AxB The in te ra c t io n  o f  "A" and "B"
Complete analyses f o r  a l l  te s ts  are shown in Appendices C-F, pp. 53” 56.
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group which p a r t ic ip a t e d  in both s o f t b a l l  and iso m etr ic  t r a i n i n g .  This  
in te r a c t io n  in d ic a te d  th a t  the a d d i t io n  o f  s o f t b a l l  to  the iso m etr ic  
e x e rc is e  program was resp o n s ib le  fo r  s low er arm r e a c t io n  t im es . However 
th e re  is  no apparent reason why th is  should have occ u rre d . In l i g h t  
o f  the  n o n -s ig n i f ic a n t  in te r a c t io n  found in  the  o th e r  th re e  t e s t s ,  i t  
was b e l ie v e d  th a t  th is  was a chance occurrence and in r e a l i t y  s o f t b a l l  
a c t i v i t y  had no e f f e c t  on the v a r ia b le  s tu d ie d .
I I .  ANALYSIS OF ARM MOVEMENT TIME DATA
I t  is  shown in  T ab le  I t h a t  s i g n i f i c a n t  gains in arm movement 
time were made by those engaged in is o m e tr ic  e x e rc is e  t r a i n i n g c The 
"F" r a t i o  o f  10.85 in favo r  o f  the is o m e tr ic  e x e rc is e  groups as compared 
to  the n o n -is o m e tr ic  groups (category  "A11) was s i g n i f i c a n t  a t  the  .01 
le v e l  o f  c o n fid en c e .
The "F" r a t i o  fo r  the s o f t b a l l  groups versus the n o n -s o f tb a l l  
groups (ca tegory  ,!B") and the "F" r a t i o ,  .2 3 ,  f o r  the in te r a c t io n  
(AxB) o f  iso m etr ic  e x e rc is e  and s o f t b a l 1 were not found to  be 
s i g n i f i c a n t  and in d ic a te d  th a t  n e i th e r  s o f t b a l l  a c t i v i t y  nor the  
a d d it io n  o f  s o f t b a l l  to  the is o m e tr ic  e x e rc is e  program were resp o n s ib le  
fo r  s i g n i f i c a n t  changes in arm movement t im e .
I I I .  ANALYSIS OF LEG REACTION TIME DATA
The on ly  s i g n i f i c a n t  d i f f e r e n c e  in  leg re a c t io n  tim e reve a le d  
in  Tab le  I was a t t r i b u t e d  to  the  use o f  is o m e tr ic  e x e r c is e .  The "F"  
o f  19 .17  in favo r  o f  the is o m e tr ic  e x e rc is e  groups (ca tegory  "A") was
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found to be s ig n i f ic a n t  a t  the .01 level of confidence.
"F" ra t io s  o f  .26 fo r  the s o f tb a l l  groups compared w ith  the 
non-so ftba ll  groups (category "B") and .32 fo r  the in te ra c t io n  
(AxB) revealed th a t  n e ith e r  s o f tb a l l  nor the add it ion  o f  s o ftb a l l  to  
the isometric exerc ise  program caused any s ig n i f ic a n t  change in leg 
reaction  tim e.
IV. ANALYSIS OF LEG MOVEMENT TIME DATA
Table I ,  page shows that leg movement time was also  
improved s ig n i f ic a n t ly  through the use of isometric exerc ises . The 
"F" r a t io  o f  2A-.80 in favor o f  the isometric exercise subjects  
(category "A") was c le a r ly  s ig n i f ic a n t  a t  the .01 level o f  confidence.
The "F" r a t io  o f  2 .66 fo r  category "B" was not s ig n i f ic a n t  and 
ind icated th a t  s o f tb a l l  a c t i v i t y  had no apparent e f fe c t  on the leg 
movement times of the subjects s tud ied .
No s ig n i f ic a n t  changes in leg movement times were caused by the 
ad d it io n  o f s o f tb a l l  to the isometric exerc ise  program as evidenced by 
the n o n -s ig n if ic a n t  "F" r a t io  o f .61 found for the in te ra c t io n  of 
isometric exerc ise  and s o f t b a l l .
V. ANALYSIS OF STRENGTH TEST SCORES
Functional isom etric exercises of the arm and leg were found 
to  be e f fe c t iv e  means o f  producing strength gains as measured in th is  
study. The d iffe rences  in i n i t i a l  and f in a l  arm and leg strength  
measures made by the groups using isom etric exercises during the course
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o f  t h is  s tudy  a r e  shown In  T a b le  I I .
Arm S t r e n g t h . The i n i t i a l  mean scores  in  arm s t r e n g th  f o r  the  
s i x t y - e i g h t  s u b je c ts  who p a r t i c i p a t e d  in  th e  is o m e t r ic  e x e r c is e  
program was in crease d  from 9-53  to  a f i n a l  mean s c o re  o f  1 3 .5  u n i t s  
o f  p u l l  . A comparison o f  these  means re v e a le d  a j t  r a t i o  o f  9 .5 7  
which was s i g n i f i c a n t  a t  the  .01 le v e l  o f  c o n f id e n c e .
Leg S t r e n g t h . The mean leg  s t r e n g th  scores o f  the  is o m e tr ic  
e x e r c is e  groups was in c rease d  from 1 4 .15  a t  the  b eg in n in g  o f  th e  s tu d y  
to  1 9 .2 2  u n i t s  o f  p u l l  a t  the  end o f  the  s i x  week t r a i n i n g  p e r io d .
The observed d i f f e r e n c e  o f  5 .0 7  was te s te d  f o r  s i g n i f i c a n c e  and the  
r e s u l t in g  t_ r a t i o  o f  1 0 .9 7  was found to  be c l e a r l y  s i g n i f i c a n t  a t  th e  
.01 le v e l  o f  c o n f id e n c e .
TABLE l i
DIFFERENCES BETWEEN MEANS OF INITIAL AND FINAL ARM AND LEG 
STRENGTH SCORES FOR THE ISOMETRIC EXERCISE GROUPS
Test N
Observed
Mean S.D. S .E ...  D i f f .  S .E . - . .^ ,  t  Mean D i f f .
In i t i a l  
Arm Strength 68 9.53 1 .77 .22
Fi nal
Arm Strength 68 1 3 J 5 2.10 .25 5 .07 .53 9.57
In i t i a l  
Leg Strength 68 14.15 2 .84 .34
Fi nal
Leg Strength 68 19.22 3.03 .37 3.62 •33 10.97
CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
I . SUMMARY
I t  was the  purpose o f  t h is  study to  d e te rm in e  th e  e f f e c t s  o f  
fu n c t io n a l  is o m e tr ic  e x e rc is e s  on r e a c t io n  and movement tim es o f  the  
arm and le g .
One hundred and t h i r t y - s i x  male s tu d en ts  a t  L o u is ia n a  
P o ly te c h n ic  I n s t i t u t e ,  Ruston, L o u is ia n a  served  as s u b je c ts  f o r  t h is  
s tu d y .  The s u b je c ts  were d iv id e d  in to  fo u r  groups: (1 )  Group I ,  the  
c o n tro l  group, was te s te d  and r e - t e s t e d  w i th  no in te rv e n in g  p h y s ic a l  
a c t i v i t y ;  (2 ) Group I I  perform ed is o m e tr ic  e x e rc is e s  o f  the  l a t e r a l  
arm and leg  e x te n s io n  movements f o r  a p e r io d  o f  ten  seconds each 
th re e  days a week f o r  s i x  weeks; (3 ) Group I I I  p a r t i c ip a t e d  in  a 
s ix -w e e k  u n i t  o f  s o f t b a l l  a c t i v i t y  as p a r t  o f  the  r e g u la r  re q u ire d  
program o f  p h y s ic a l  e d u c a t io n ;  (4) th e  s u b je c ts  in  Group IV p a r t i c ip a t e d  
in the s o f t b a l l  u n i t  and, in  a d d i t io n ,  perform ed is o m e tr ic  e x e rc is e s  
o f  the arm and l e g .
A l l  s u b je c ts  were te s te d  f o r  arm r e a c t io n  t im e ,  arm movement 
t im e , leg  r e a c t io n  t im e , and leg  movement t im e  a t  the  b eg inn ing  o f  
the  e x p e r im e n t .  A t  the end o f  the s ix -w e e k  t r a in i n g  p e r io d ,  a l l  
s u b je c ts  were r e te s te d  in  an e f f o r t  to  de te rm in e  w hether o r  not  
s i g n i f i c a n t  changes in  r e a c t io n  and movement times occurred  d u r in g  
the  s tu d y .
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In add it ion  to the tes ts  o f  reaction  and movement tim e, the  
subjects who p a r t ic ip a te d  in the isometric exercise program were 
tested a t  the beginning and end o f  the study to f in d  whether gains 
in strength resulted from the isometric program. These subjects  
were also tested p e r io d ic a l ly  throughout the six-week period as a 
means o f  m otivating  them to  perform a t  maximum e f f o r t .
An analysis  o f  co-variance was u t i l i z e d  in t re a t in g  the data 
to  determine the e f fe c ts  o f the d i f f e r e n t  programs on the reaction  
and movement times tes ted . This analysis  was made on the IBM 1620 
Computer a t  the Data Processing Center a t  Louisiana S tate  U n iv e rs ity ,  
Baton Rouge, Louisiana. The t_ t e s t  o f s ig n if ic a n c e  was u t i l i z e d  in 
comparing the d iffe rences  between the o r ig in a l  and f in a l  mean scores 
o f arm and leg strength measured fo r  those subjects who p a rt ic ip a te d  
in the isometric exerc ise  program.
The fo llow ing  find ings were obtained in th is  study;
1. Functional isometric exercises were e f fe c t iv e  in the
improvement o f  arm reaction tim e, arm movement time, 
leg reaction  tim e, and leg movement time as measured 
in th is  experiment.
2. P a r t ic ip a t io n  in s o f tb a l l  a c t i v i t y  fa i le d  to cause any
s ig n i f ic a n t  changes in the mean scores o f  arm reaction  
t im e, leg reaction  tim e, leg movement tim e, and arm 
movement tim e.
3 . The add it ion  o f  physical a c t i v i t y ,  s o f t b a l l ,  to functional
isom etric exercises did not con tr ibu te  toward improvements
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in  r e a c t io n  and movement t im e ,
4 .  The s u b je c ts  in  th e  c o n t r o l  group shoned no s i g n i f i c a n t
changes in arm r e a c t io n  t im e ,  arm movement t im e ,  le g  
r e a c t io n  t im e ,  o r  le g  movement t im e ,
5 ,  Those s u b je c ts  p e r fo rm in g  f u n c t io n a l  is o m e t r ic  e x e r c is e s
showed s i g n i f i c a n t  g a in s  in  s t r e n g t h  o f  th e  arm and leg  
w hich  in d ic a te d  t h a t  th e  s u b je c ts  w ere  d o ing  t h e  
e x e r c is e s  c o r r e c t l y .
I I .  CONCLUSIONS
W it h in  t h e  l i m i t a t i o n s  o f  t h i s  s tu d y ,  th e  d a ta  j u s t i f i e d  
th e  f o l l o w in g  c o n c lu s io n s :
1. F u n c t io n a l  i s o m e t r ic  c o n t r a c t io n s  w i l l  r e s u l t  in  improved
r e a c t io n  t im e s  and speed o f  movement t im e s  o f  t h e  arm 
and leg  as measured in  t h i s  s tu d y .
2 .  The a d d i t io n  o f  s o f t b a l l  a c t i v i t y  to  th e  f u n c t io n a l
is o m e t r ic  e x e r c is e  program does n o t  cause s i g n i f i c a n t  
g a in s  in  r e a c t io n  and movement t im e  as opposed t o  t h e  
use o f  i s o m e t r ic  e x e r c is e  a lo n e .
3 .  S o f t b a l l  a c t i v i t y  a lo n e  does n o t  r e s u l t  in  any s i g n i f i c a n t
changes in  r e a c t io n  and movement t im e  as measured in  t h i s  
s tu d y .
111 . RECOMMENDATIONS
1. O th e r  s tu d ie s  shou ld  be made t o  d e te rm in e  th e  e f f e c t s  o f  a 
g e n e ra l  i s o m e t r ic  t r a i n i n g  program on r e a c t io n  t im e  and
movement t im e  as opposed to  the fu n c t io n a l  exerc ises  
used In th is  study.
A f u r th e r  study to  determ ine the manner in which isom etric  
exerc ises  a f f e c t  more complex movements and t o t a l  body 
reac t io n  and movement times is recommended.
F u rth er  s tud ies  to  determ ine the  in fluences o f  isom etric  
t r a in in g  on o th e r  physical fa c to rs  such as balance,  
rhythm, and f l e x i b i l i t y  would be o f  v a lu e .
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APPENDIX A
IN IT IA L  AND FINAL RAW SCORES* FOR REACTION AND MOVEMENT
TESTS FOR GROUP I
Arm Arm Leg Leg
Subjects Reaction Movement Reaction Movement
I 11 1 11 1 11 1 11
1 7394 7123 2955 2855 7673 7579 2104 1966
2 8469 8342 3217 2689 9265 9260 2350 2298
3 7606 7542 1749 2168 8555 8312 2340 2273
4 7878 7154 2065 2000 8523 8385 2130 1840
5 8866 8011 2082 2053 8560 7902 2298 2013
6 8827 7397 2114 2110 8974 9027 2275 2124
7 7787 7883 1998 2045. 8536 7443 1643 1562
8 91 91 7341 1953 2014 8024 7036 2143 1997
9 7681 8173 2406 2417 9405 9257 2162 2133
10 7921 7971 2260 2142 8791 7924 2059 1911
1 i 7999 7570 2401 2659 9569 8931 1980 1969
12 7964 6256 2015 2017 8165 6825 2031 1645
13 8465 8362 2843 2530 9436 8111 2271 1842
14 7207 7206 2272 2136 8626 7231 2565 2004
15 8942 6966 2562 2387 7791 7667 2700 2367
16 7529 7509 2426 2354 8628 8443 2389 2006
17 8319 7947 2453 2178 8083 8075 . 1673 1446
18 8605 7833 2519 2074 9000 8891 2160 2016
1 9 8446 7222 3453 3147 8647 8713 1769 1748
20 7718 7461 2161 2025 9067 8398 1867 1772
21 9284 7992 1929 1959 9334 8375 1527 1599
22 8307 8180 1915 1945 9042 9011 2128 2052
23 8248 8185 1996 1923 8465 8183 2097 2001
24 7601 7477 1848 1910 7332 7275 1998 1929
25 5967 5320 1810 1896 7156 6536 1828 1953
26 6716 6557 2185 2243 9105 8891 2110 2074
27 8133 7669 3104 2497 7952 7744 2078 1922
28 7864 7837 1890 1786 7524 7308 1889 1593
29 7808 7645 1764 1832 8502 8101 1798 1526
30 8175 7761 2754 2657 8914 8319 3353 2055
31 7796 7658 2459 2444 9395 7081 2244 2184
32 7886 7574 3513 2526 8382 8176 2094 1679
33 8753 7147 2284 2109 8883 8164 2146 2233
34 8732 8326 2633 2478 9291 8872 2819 2266
*S co res  a r e  g iv e n  in  1 /lOpOOths o f  a second.
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INITIAL and f in a l  raw scores*  for reaction  and movement
TIMES FOR GROUP 11
Arm Arm Leg Leg
Subjects Reaction Movement Reaction Movement
1 I I 1 11 1 I I 1 11
1 7357 7334 1878 2039 7740 7743 2387 2270
2 8477 7871 2673 2629 7883 7787 2505 1879
3 8706 8550 2529 2025 8729 8463 2215 1654
4 9002 8583 3117 2542 8072 7937 2023 1 924
5 8990 8778 2170 2325 9466 9091 2325 2329
6 8646 7918 2268 2164 8989 8569 2469 2350
7 7395 7083 3476 3326 8390 8323 2500 2455
3 8609 7743 2054 1884 8884 5769 2055 1891
9 7014 6979 1988 1980 7507 7528 2064 1839
10 7846 759** 1942 2024 8109 7699 2243 2076
11 7651 7429 2357 2241 7701 7218 2378 2012
12 7657 6949 2425 2328 8464 8192 2704 2528
.13 7298 7668 3547 2917 9365 87O6 2435 2182
14 8419 7739 1866 1910 8881 8388 2204 238O
15 6555 6203 2078 2123 7816 7414 2494 2280
16 8275 8014 2227 2168 9614 8995 2747 2260
17 8650 7493 2219 2264 9083 8463 2273 2044
18 7936 7814 2264 2632 8189 7936 261*4 2626
19 9464 9161 2191 2385 9280 8916 2045 2129
20 7697 7250 2301 2185 7807 7613 1450 1563
21 7930 7 9 ^ 2133 2141 8055 7457 2412 2570
22 7462 7567 2898 2242 9381 8903 2011 2032
23 8391 7704 2222 2287 9257 8781 2215 2345
24 7617 7422 I 696 1928 8678 8550 1980 1689
25 8207 8042 2003 2106 8311 8475 2791 2330
26 7497 7282 2969 2228 6543 6545 2313 2119
27 8215 7975 1978 1995 8319 8048 181 9 1658
28 7116 7217 1710 1965 7783 7803 1892 1580
29 6837 6878 2335 2266 8837 8098 2156 1644
30 8356 8001 2746 2231 9023 7912 2075 2323
31 7956 7738 2447 2201 7967 7502 1973 i860
32 7603 7495 2557 2495 7454 6815 2966 2403
33 7516 7505 2623 2389 8585 8377 1657 1717
34 7896 7653 2353 2438 8069 8083 1730 1692
*Scores a re  g iven in 1/i.OpOO.tfe o f  a second.
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IN IT IA L  AND FINAL RAW SCORES* FOR REACTION AND MOVEMENT
TIMES FOR GROUP I I I
Arm Arm Leg Leg
S u b je c ts React ion Movement R e a c t io n Movement
1 11 1 11 1 11 1 11
I 8129 8148 2971 2153 8447 8541 2526 2472
2 7272 7313 1768 1908 8529 7186 1587 1 981
3 8046 8279 2218 2514 8259 8236 2200 2233
4 7556 7643 2755 2537 8218 8089 2363 2097
5 8852 7876 2430 2614 9042 8939 1865 2277
6 8422 8660 2260 2338 8969 9062 1 966 1720
7 8128 8146 2051 2206 8560 8624 2273 2248
8 7830 79^2 2177 2244 7925 7861 2142 2118
9 7673 7910 2288 2227 7440 7118 2088 2169
10 7782 8025 2041 2137 8530 7965 2905 2744
11 7851 7460 2720 2602 8367 7810 2177 2406
12 8044 8112 2029 2088 7773 7927 2375 2614
13 8704 8155 2682 2797 91 70 9378 2110 2062
14 8284 8301 2222 2291 8434 8308 1 700 1693
15 8707 8440 2824 2712 91 28 8535 3165 2640
16 8379 8157 2330 2580 8849 8779 2365 2509
17 7883 7856 2093 2199 8912 8678 1980 2117
18 8131 8950 2609 2690 7853 8433 I 67O 1569
1 9 7843 795 9 2309 2267 7728 8035 1 956 1898
20 8343 7065 2663 2650 8144 8280 2878 2800
21 7708 8771 2098 2204 8600 8445 2998 2347
22 7826 7788 1923 2044 8074 8329 2665 2526
23 8435 8130 2234 2357 8112 8337 2093 2266
24 7916 7812 2465 2397 8017 7728 2442 2303
25 8549 8713 2217 21 91 9003 8915 2676 2430
26 7595 7827 2122 2145 7687 7842 1823 1863
27 8593 8860 2466 2279 8402 8824 2582 2501
28 7413 7567 2317 2183 8130 8199 2120 1935
29 8021 7701 2687 2097 8801 7855 2086 2234
30 6280 6455 2275 2348 7318 7551 2177 2206
31 8029 7^36 2434 2429 7944 7883 2485 2241
32 7869 7835 1979 2322 7696 8955 2526 2425
33 8287 8559 2076 2549 8734 8558 2092 2067
34 8241 7765 2145 2185 8892 8317 2263 2231
■s'jScores a r e  g iv e n  in  1/lOjOOOths o f  a  s e c o n d .
IN IT IA L AND FINAL RAW SCORES* FOR REACTION AND MOVEMENT
TIMES FOR GROUP IV
Arm Arm Leg Leg
Subjects Reaction Movemen t React i on Movement
1 11 1 1 1 1 11 1 11
1 7602 7444 2449 2581 7727 8054 21 74 2388
2 8110 8143 2770 2331 8949 7947 1819 1747
3 7506 7645 2677 2568 6163 7680 1425 1801
4 6724 6979 2247 2688 7098 8038 1 946 1605
5 8449 8719 2291 2283 8959 9010 2208 1938
6 8095 8000 1913 2108 8332 8655 2117 2290
7 81 70 7370 2566 2522 7094 7003 2312 1829
8 9074 9078 1954 2480 9730 9260 2393 2490
9 8194 8314 1784 2008 7649 8092 1943 2037
10 6718 7339 2528 2468 7574 8138 2103 2033
11 7389 7875 2171 2137 9038 8763 2388 2401
12 8383 8881 1658 2042 8755 9092 2026 2137
13 7801 8376 2476 2033 8129 8846 2346 2422
14 6745 7388 2489 2051 7621 7825 2026 1987
15 6889 7507 2062 2291 7934 7453 1832 2039
16 7268 7192 2166 2248 8181 7778 1825 1997
17 7618 7315 2711 2761 8972 8577 2510 2537
18 8194 7812 2112 2170 8265 8694 2419 2216
19 7767 7906 2475 2308 5902 7439 2046 2083
20 8693 8613 1 728 1733 8215 8643 1463 1650
21 6547 7235 2591 2248 7968 7172 1913 1750
22 6983 7589 2440 2455 8149 8370 1484 1641
23 7224 7334 2576 2186 7015 7756 2158 1 922
24 8059 7902 2195 2226 8883 8948 1 916 2045
25 8911 9234 2020 2183 9846 9498 2546 2603
26 7742 7656 2825 2390 8288 7794 2049 2179
27 9180 8911 2669 2559 8865 8569 2128 1875
28 8222 8246 3832 3500 7491 8381 1644 1688
29 8812 8942 1965 2521 8392 8225 2249 2398
30 7031 7571 1864 2142 7915 8143 1806 1904
31 8166 7542 2388 2317 7689 7997 2307 2269
32 9066 8746 2220 2022 8331 8415 2092 2105
33 7252 7427 2293 2533 8198 7497 2012 2134
34 8064 8280 4431 4574 8213 7576 1835 1930
*S co res  a r e  g iv e n  in  l/lQjOOOths o f  a second.
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APPENDIX 6
IN ITIAL AND FINAL RAW SCORES* OF ARM AND LEG STRENGTH
FOR GROUP 1 1
Subject Arm Strength
1 11
Leg S trength  
1 11
1 8 13 12 17
2 8 14 13 19
3 7 11 12 17
4 7 14 10 20
5 7 19 11 23
6 11 12 13 19
7 10 11 12 15
8 8 10 12 18
9 11 17 12 18
10 8 10 10 20
11 e 13 10 14
12 10 10 10 12
13 10 14 14 18
14 10 11 12 16
15 10 14 14 15
16 9 11 11 13
17 12 18 14 23
18 15 19 19 21
19 8 13 10 18
20 9 16 12 18
21 10 16 14 19
22 8 11 12 15
23 10 10 14 18
24 9 15 12 20
25 10 22 13 25
26 10 13 12 24
27 6 15 13 18
28 8 13 11 17
29 10 13 14 21
30 i 10 15 13 20
31 ! 9 14 11 16
32 9 14 10 16
33 10 18 13 22
34 8 15 10 20
^Scores re p re s e n t  a p p ro x im a te ly  1 /3  pound.
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INITIAL AND FINAL RAW SCORES* OF ARM AND LEG STRENGTH
FOR GROUP IV
Subject Arm Strength Leg Strength
1 11 1 11
1 8 12 10 17
2 9 15 12 18
3 12 16 16 24
4 11 15 13 22
5 12 14 12 20
6 12 14 15 18
7 7 10 13 17
8 9 15 13 18
9 9 15 13 25
10 10 15 13 17
11 12 18 18 25
12 9 12 12 17
13 7 15 13 23
14 8 16 12 22
15 12 18 16 23
16 8 1 2 13 15
17 13 16 15 19
18 12 17 14 22
19 8 9 12 15
20 7 10 8 12
21 9 13 14 19
22 9 14 14 21
23 13 16 15 23
24 10 18 14 25
25 6 10 10 23
26 11 20 14 22
27 9 14 13 19
28 10 14 12 18
29 11 19 19 22
30 9 11 13 21
31 12 18 17 25
32 9 11 12 18
33 12 14 14 16
34 11 12 14 21
*$ co re s  re p re s e n t  a p p ro x im a te ly  1 /3  pound.
APPENDIX C
CO-VARIANCE ANALYSIS OF ARM REACTION TIME DATA
Source df & 2 Corrected
.. ..
M.S. iipn
Total 131 57,287,78** 36,71**,533 50,590 , 934 — —
A 1 166,459 -  873,024 4 ,578 ,692 5,859,157 5 ,859 ,157 40.86
B 1 24,677 68,485 190,051 106,530 106,530 .74
AxB 1 665,560 -1 ,8 1 0 ,1 3 2 60,734 2,816,563 2,816 ,563 1 9 .64
E rro r 128 54,431 ,088 39,329 ,204 45,761 ,457 18,351,277 143,369 m m
A =  E f f e c t  o f  Iso m etric  E xerc ise
B 53 E f f e c t  o f  S o f tb a l l  A c t i v i t y
AxB = In t e r a c t io n  of A and B
APPENDIX D
CO-VARIANCE ANALYSIS OF ARM MOVEMENT TIME DATA
Source df ^  2 £ x £ x y o 1 Corrected  
„<Y.2 ...  . .  ,
M.S. npti
Total 131 26,571,725 16,718,811 16,307,256 — — —
A 1 230 10,337 463 , 906 451,010 4 51 ,010 10.75
B 1 1*2,246 24,410 14,104 106 106 .003
AxB 1 62,631 63,982 65,340 9,666 9,666 .23
E rro r 128 26,466 ,598 16,620,082 15,763,906 5,327,086 41,946 —
A = E f f e c t  o f Is o m e tr ic  E x e rc is e
B = E f f e c t  o f  S o f tb a l l  A c t i v i t y
AxB -  In te r a c t io n  o f  A and B
APPENDIX E
CO-VARIANCE ANALYSIS OF LEG REACTION TIME DATA
Source df 'A X
ro £  xy 2 Corrected
- X y. .
M.S. itpn
Total 131 66,154,917 38,756 ,468 57,355 ,296 — —
A 1 2,827,300 -1 ,8 3 1 ,8 5 6 1 ,186 ,889 4,533 ,430 4,533,430 19.17
B 1 23,638 -2 3 ,1 1 2 22,595 62,375 62,375 .26
AxB 1 1,550,437 655,687 277,294 75 , 968 75 , 968 .32
E rro r 128 61,753 ,542 39,955 , 749 55 ,873 ,478 30,021,327 236,388 —
A ■ E f fe c t  o f Isometric Exercise  
B 3 E f fe c t  of S o ftb a l l  A c t iv i ty  
AxB 3 In te ra c t io n  of A and B
APPENDIX F
CO-VARIANCE ANALYSIS OF LEG MOVEMENT TIME DATA
Source df ^  2 .  2 i f y Corrected
<£?y
M.S. i ipn
Total 131 16,341,727 10,228,153 11,827,446 — — —
A 1 42,071 -164,995 647.081 866,653 866,653 24.80
B 1 888,735 849,367 811,743 92,882 92,882 2.66
AxB 1 164,089 42,966 11,250 21 ,1 90 21 ,190 .61
E rror 128 19,246,832 9,500,815 10,357,372 4 ,437 ,094 34,938 —
A = E f f e c t  o f  Iso m etr ic  E x e rc is e
B = E f f e c t  o f  S o f tb a l l  A c t i v i t y
AxB = In te r a c t io n  o f  A and B
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APPENDIX G
MEAN CHANGES* IN ARM REACTION TIMES FOR ALL GROUPS STUDIED
Group In i  t i a l C o r re c te d
Mean F in a l  Mean
1 . C o n tro l 7851 8042
I I .  I s o m e t r ic  E x e r c is e 8061 7481
I I I .  S o f tb a l  1 8018 7954
I V .  I s o m e t r ic  w i t h  S o f t b a l l 7948 7680
Combined Groups
Is o m e t r ic  Groups ( 11 ,  I V) 8005 7581
N o n - Is o m e t r ic  Groups ( I ,  I I I ) 7935 7948
S o f tb a i  1 Groups ( I I I ,  I V) 7983 7817
N o n -S o f tb a l l  Groups ( I ,  I I ) 7956 7762
-'■Means g i v e n  in  te n  th o u s a n d th s  o f  a s e c o n d .
APPENDIX H
MEAN CHANGES* IN ARM MOVEMENT TIMES FOR ALL GROUPS STUDIED
Group I n i t i a l  Corrected
  Mean  Final Mean
1. Control 2398 2377
I I .  Isometric Exercise 2353 2244
I I I .  S o ftb a ll 2320 2362
IV . Isometric wi th S o ftb a ll 2360 2264
Combined Groups
Isometric Groups ( I I ,  IV) 2356 2254
Non-1sometric Groups ( I ,  I I I ) 2359 2369
S o ftb a ll  Groups ( I I I ,  IV) 2340 2312
Non-Softball Groups ( I ,  l l ) 2375 2311
*Means g iven  in ten thousandths o f  a second.
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APPENDIX I
MEAN CHANGES* IN LEG REACTION TIMES FOR ALL GROUPS STUDIED
Group I n i t i a l
Mean
C o rre c te d  
F in a l  Mean
1. Contro l 81 04 8380
11. Is o m e tr ic Exerc i se 8606 8064
111.  S o f tb a l  1 8344 8296
IV .  Is o m e tr ic wi th  S o ftb a l  1 841 3 7970
Combined Groups
Is o m e tr ic  Groups ( I I ,  IV) 8512 7967
Non- 1 s o m etr ic  Groups (1 ,  I I I ) 8224 8342
S o f t b a l l  Groups ( I I I ,  IV) 8381 8133
N o n -S o f tb a l l  Groups ( I ,  I I ) 8355 8176
*M e a n s  g iv e n  in  te n  th o u s a n d th s  o f  a seco n d .
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APPENDIX J
MEAN CHANGES* IN LEG MOVEMENT TIMES FOR ALL GROUPS STUDIED
Group I n i t i a l
Mean
Corrected  
Final Mean
1. Control 2043 2144
I I .  Isometric Exercise 2148 1958
I I I .  S o f tb a l1 2274 2173
IV . Isom etric wi th S o f tb a l1 2240 2037
Combined Groups
Isom etric Groups ( I I ,  IV) 21 94 1998
Non-Isom etric Groups ( l , 111) 2159 2158
S o ftb a l l  Groups ( I I I ,  IV) 2257 2144
Non-Softba ll Groups (1, 11) 2095 2106
*Means g iven  in ten thousandths o f  a second.
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